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INTRODUCTION
In recent years there has been a great deal of effort spent on the development of photosensitive wire chambers. Although the field has a long history, the renewed interest can b? traced back to the work of Seguinot and Ypsilantis.
They suggested adding a photosensitive gas to a proportional counter, fitted with a UV transparent window, as a means of detecting the UV photons produced as Cherenkov radiation in gases.
To demonstrate their idea, they constructed the instrument shown in Fig. 1 . The light source consisted of a volume of pure argon excited by an alpha source. This produces light in the 9-11 eV range.
The detector was a multiwire chamber filled with argon, C02, and benzene.
The photosensitive material was benzene with a threshold for the photoelectric effect of 9.15 eV (1355 A). With this setup, they were able to show that single photon counting was possible. At the same time as the above work, the use of photosensitive proportional counters was suggested independently by2Bogomolov, Pubrovskii and Peskov for plasma studies.
They demonstrated their idea with a small multiwire chamber with a LiF window, filled with helium and toluene vapors. Toluene has an ionization threshold of 8.5 eV (1460 A).
The development of wire chambers using photosensitive gases, and later photosensitive liquids, has gone in three major directions. The first, is as a replacement for photomultiplier tubes, PNT, for gas scintillation proportional counters. The second, is for Ring Imaging Cherenkov detectors. The third, is as the photon sensor for the scintillator BaF2. We will discuss all three fields here; although it is not possible to cover these topics completely in a work of this length. In particular, the field of Cherenkov etectors, which has been reviewed elsewhere, ' will be the least complete. A fairly complete bibliography will be provided. We will also restrict ourselves to detectors that detect light, and are not just moderated by photons such as multistep avalanche detectors.
GSPC
A gas scintillation proportional counter, GSPC, is a type of proportional counter with an energy resolution for X rays a factor of two better than conventional wire chambers. Although the designs of the GSPC vary dramatically, the prigciple is best exhibited in the parallel plate design in Fig. 2 The GSPC consists of a volume of pure noble gas, usually at 1 atm. Region C of Fig. 2 is an absorption region, deep enough to stop entering X rays. The primary electrons liberated by the X ray are drifted out of this region by a small electric field and into region B.
Here the electric field is adjusted such that the electrons gain enough energy between collisions with the gas, to excite the atoms but not ionize them.
The excited atoms form a Rydberg molecule which de-excites giving a broad continuous spectrum. The emission spectri of argon, krypton and xenon are shown in Fig. 3 (nm) Fig. 3 Argon, krypton and xenon emission spectra7
The noble gas of choice for GSPC's has been xenon.
This is because of its high X-ray stopping power and its higher UV photon yield.
Also, its softer spectrum makes light detection easier. But, the quartz PMT's used are very expensive and greatly limit detector design. 10 It was first suggested by Policarpo that a photosensitive wire chamber or photo-ionization detector, PID, could be used to replace the PMT for a GSPC.
This would offer an instrument with the energy resolution of a GSPC, and the imaging capabilities of a wire chamber.
Such an instrument should also be less expensive to construct and be much less sensitive to magnetic fields.
The first coupling of a GSPC1to10 photosensitive detector was achieved by Peskov. ' The instrument, shown in Fig. 4 Fig. 7 . The PID was a multiwire proportional counter with the event position determined from the induced signal on orthogonal cathode planes. The PID gas mixture was 0.3 Torr of TMAE and 580 Torr of P-20.
The GSPC was filled with 1 atm of xenon. CaF2 was used for the window between the two detectors.
An energy resolution of 9% FWHM was measured for 5.9 keV X rays, and a position resolution of 0.9 mm was achieved.
They also tested the same instrument with krypton in the GSP.C and TEA as the photosensor. Although the induced signal in the PID was narrower due to its shorter absorption depth, the position resolution measured was not better than with TMAE. As an example of the kind of energy resolution possible with a GSPC coupled to a PID, Fig. 8 shows an X-ray pulse height spectrum from unpublished work by Anderson.
The GSPC was filled with xenon and añ aging PID with TMAE was used. The X-ray source is Fe at 5.9 keV, yielding an energy resolution of 7.9% FWHM. Note that the K line at 6.4 keV is starting to be resolved at the rigit. This is as good as the best measurements made with a PMT. As was first suggested by Seguinot and Ypsilantis, a photosensitive proportional counter placed at the surface of radius r/2 could measure the value of R. Thus one knows the B of the particle. With a separate measurement of the particle momentum, the particle can be identified. It should also be noted that since the trajectory of the particle, and therefore the center of the Cherenkov ring, can often be determined by external measurements, a single detected photon is often enough to identify a particle. with a wire chamber employing a spark chamber and video readout. Figure 11 shows a schematic of their detector. The instrument was a multistep avalanche chamber with a triggered spark chamber as a second step, separated by a drift region to prevent photon feedback and to allow for triggering time. The gas filling was helium with about 5% TEA. A CaF2 window was used. Entering UV photons were converted to electrons by the TEA. These electrons were amplified in the first step' of the detector which then caused a spark which was read out at the back by a TV camera. has constructed a small test low pressure chamber with an absorption, a preamplification and a transfer region.
This was followed by a multiwire proportional counter in one configuration.
In a second d sign, they used a parallel plate region and3+ 2 x 2 cm "wedge and strip" printed circuit readout.3
The detector had a CaF2 window. The gas fillings were TMAE plus 5 to 20 Torr of pure isobutane. For single photons they measured a high detection efficiency and better than 1 mm FWHM position resolution.
The advantage of operating a RICH detector at such a low pressure is that it reduces the amount of charge liberated by a passing particle by up to two orders of magnitude.
Also the use of "wedge and strip" cathode readouts allow high event multiplicity with much fewer channels for a non-TPC design.
efficiencies were measured at a few percent. This poor efficiency was due to the small overlap of the BaF2 spectrum with the detection response of TMAE in the gas phase, and to the poor light collection efficiency of the first setup.
Liquid Photocathode
In an attempt to improve the photon detection efficiency34for BaF2, a "liquid" photocathode was conceived.
It 
4.

BaF2 SCINTILLATOR
With the introduction of TMAE, with its low photo-ionization threshold, it was natural to search for a solid scintillator that emitted light in a region detectable by the gas.
The first,1,hough marginal, success was reported by Anderson. The scintillator was BaF , which to date, emits light of the shortest wavelength found. It is also the only solid scintillator yet to be coupled to a photosensitive gas, though the search goes on.
As a scintillator, BaF2 has many desirable characteristics.
As a comparison, Table I lists some properti5 of BaF along with those of BGO and NaI(Tl). Unlike tie other two, BaF2 has two emission maxima. The shorter component peaks at 225 nm and contains about 20% of the light. This component also has a decay constant 1000 times faster than those of long component and about 500 times faster than those of BGO and NaI(Tl). Thus the short component is often referred to as the fast component. 
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Here IP is the ionization potential in the gas phase and P+ is the polarization energy of the positive ion. The first liquid photocathode is shown in Fig. 17 .
It consisted of a water-cooled copper plate for condensing the TMAE and a low-pressure wire chamber.
The TMAE is extremely thin on the surface and thus the instrument can be operated in any orientation.
The optical window was made of quartz. The counter gas was only 3 Torr of isobutane to increase the photoelectron collection efficiency. In that work, the counter was operated warm with the photocathode kept at 180C. Using filters, a threshold of about 4.3 eV was estimated, and a much higher efficiency for the light from BaF2 was also measured. The estimated number of photons det*cted in this final configuration was approximately 10 per GeV. It is expected that if the electric field at the surface of the liquid photocathode is increased, this number in principle could be increased.
Adsorption and Gas
It was noted38 that when TMAE is added to a detector, all the metallic surfaces become photosensitive. To utilize this effect, complete BaF calorimeter tower was constructed, that used TMAE and low pressure chambers, but without cooling. A schematic of the tower is shown in Fig. 19 which is a UV transparent conductive coating. When TMAE is introduced into the detector, the adsorbed gas acts as a photocathode.
There is also some contribution from the gas volume. But the amplification in a low pressure chamber is almost parallel plate amplification. Thus the contribution from gas is probably fairly small. One can achieve high segmentation and measure both the lateral and longitudinal development of the shower.
In a new work by the Charpak group,40 the effect of increasing the temperature of the detector to increase the TRAE pressure was measured. They found that the energy resolution for 662 keV gamma rays increases up to around 70°C and then remained constant. The limiting resolution was 81% FUNM.
For a review on the subject of low pressure counters, see Refs. 41 and 42.
CONCLUSION
The modern field of proportional counters using photosensitive gases and liquids is a new one, with a growing number of applications aid investigators. 
